P rotein-energy malnutrition is a common complication in peritoneal dialysis (PD) patients. Poor appetite, increased protein catabolism, and nutrient losses into dialysate have been shown to be the main factors that contribute to deterioration of the nutritional state (1, 2) . The cause of appetite loss seems to be multifactorial (3) . The total delivered dose of dialysis is an important factor in determining dietary protein intake (DPI) (4-7). However, since higher total dialysis doses [Kt/V or creatinine clearance (CCr)] are commonly related to higher residual renal function (RRF), and dietary protein intake has been shown to be more strongly correlated with RRF than with peritoneal clearances (4) , there is confusion on whether the value of Kt/V urea or CCr reflect the same dialysis efficacy in patients with or without RRF.
Anorexia and symptoms of severe malnutrition are more common in patients who have lost their RRF (8) . Urea appearance decreased after the loss of RRF in PD patients prospectively followed (9) . It has been demonstrated that the fall of urea clearance in PD patients, primarily due to the loss of RRF, is accompanied by a decrease in DPI (10) . However, when Kt/V is increased by larger-volume exchanges, there is no significant increase in protein intake. We have previously observed (11) that, at any given value of total Kt/V urea, PD patients with RRF have higher mean DPI and protein equivalent to nitrogen appearance than patients without RRF. The difference in DPI between patients with and without RRF progressively PDI JULY 1999 -VOL. 19 , NO. 4 RRF AND DIETARY PROTEIN AND CALORIC INTAKE increased when total weekly Kt/V urea was less than 1.7. These parameters tended to be similar in both groups when total weekly Kt/V urea was greater than 2. Although the above-mentioned studies suggest a close relationship between the loss of RRF and the development of anorexia in PD patients, the higher total Kt/V urea usually observed when patients have RRF obscures the potential role of RRF as a separate determinant for protein and caloric intake in PD patients.
This study was designed to evaluate protein and caloric intake in 9 patients on incremental PD who were followed prospectively. We attempted to discriminate the influence of RRF on these parameters.
PATIENTS AND METHODS
The study group consisted of 9 patients who started PD from October 1994 to March 1996. The patients (4 males and five females) had a mean age of 47 years (range, 18 -65 years). The cause of renal failure was chronic glomerulonephritis in 4, interstitial nephritis in 2, diabetic nephropathy in 1, nephronophthisis in 1, and Alport's disease in 1. None of these patients had any comorbid conditions such as congestive heart failure, respiratory insufficiency, gastrointestinal disorders, or chronic inflammatory, infectious, or neoplastic diseases known to further alter the nutritional state. One patient had diabetes mellitus type II and another patient developed diabetes mellitus while on PD. During the follow-up period, the mean rate of peritonitis was 0.51 episodes/patient-year.
The inclusion criteria for the study were (1) a significant RRF at the beginning of PD therapy, which permitted a schedule of incremental PD, that is, the number of peritoneal exchanges was increased as RRF fell, in order to maintain the sum of renal and peritoneal clearance (weekly Kt/V urea) at approximately 2. (2) This RRF had to be maintained for at least 9 months since beginning PD and account for at least 10% of the total Kt/V urea.
Patients were dialyzed with standard peritoneal bags containing 35 mEq/L lactate. All patients maintained serum bicarbonate levels greater than 22 mEq/L, either spontaneously or by taking sodium bicarbonate as needed. None of the patients were treated with glucose polymers or amino acid peritoneal solutions during the study period.
Adequacy parameters (urinary and peritoneal CCr and Kt/V urea, both calculated by conventional formulas) were estimated quarterly using peritoneal dialysate and urine collected for the previous 24 hours. Urea distribution volume (V) was calculated by the Watson et al. formula (12) , and body surface area by the Dubois and Dubois formula (13) . Through total urea nitrogen excretion, daily urea nitrogen appearance was estimated and utilized to calculate protein equivalent of nonprotein nitrogen appearance (PNPNA) according the new formula described by Bergström et al. (14) . Nutritional status was clinically evaluated by subjective global assessment (15) .
Protein excretion was measured in 24-hour urine and peritoneal drainage samples. Glucose concentration was also measured in peritoneal drainage. The difference between the instilled amount of glucose minus the remaining amount of glucose in peritoneal drainage was considered as glucose uptake, which was transformed into kilocalories (kcal) by multiplying each gram of glucose by 4.8.
Three-day diet histories were taken simultaneously with the adequacy parameters estimations. In order to offset or minimize the impact of the previous predialysis uremic state on nutritional parameters, patients were studied 6 and 9 months after beginning PD (period 1), and 6 and 9 months after the loss of RRF (period 2). These data were analyzed by a dietician who estimated the mean protein and caloric intake. None of these patients were advised to restrict their dietary protein or energy intake. The loss of RRF was deemed apparent when urinary output was consistently negligible, although any urine sample collected during period 2 was analyzed and added to the results.
The mean data obtained in period 1 were compared with those obtained in period 2.
STATISTICAL ANALYSIS
Data are expressed as mean and standard deviation. For paired comparison of data, Student's t-test or nonparametric Wilcoxon signed rank test were utilized. For correlation of continuous variables, Pearson's correlation test was utilized. A p value less than 0.05 was considered statistically significant.
RESULTS
The mean elapsed time between the two periods was 18 ± 10 months (range, 8 -39 months). The body weight of the patients increased from 59.6 ± 12.9 kg in period 1 to 63.9 ± 13.7 kg in period 2. Therefore, both urea distribution volume and body surface area increased significantly (31.43 ± 5.67 L vs 32.88 ± 6.04 L, and 1.61 ± 0.17 m 2 vs 1.67 ± 0.17 m 2 , p = 0.01). Individualized and mean data for patients during periods 1 and 2 are shown in Tables 1, 2 In order to achieve an adequate total Kt/V urea after the loss of RRF, a significant increase in total daily volume of peritoneal exchanges was needed in all patients (Table 1) . Eight patients remained on continuous ambulatory PD and one needed nightly automated PD with diurnal exchanges. This patient was unique in that his peritoneal membrane characteristic changed significantly, becoming a high transporter.
Absolute values of DPI decreased after the loss of RRF (68.21 ± 11.87 g/day vs 59.27 ± 13.66 g/day, p = 0.02). Net DPI (DPI minus peritoneal and urinary protein losses) decreased also, and these changes were borderline statistically significant (62.11 ± 12.48 g/kg vs 54.96 ± 15.38 g/kg, p = 0.05). When net DPI was normalized for actual body weight, the difference was statistically significant (1.08 ± 0.31 g/kg/day vs 0.89 ± 0.31 g/kg/day, p = 0.011). PNPNA correlated significantly with net DPI in both periods ( Figure 1 ). However, while PNPNA tended to underestimate the highest net DPI values, it overestimated the lowest net DPI values. The residual values (expected minus actual values) of PNPNA from this correlation correlated significantly with the net DPI (r = 0.64, p = 0.0041), confirming statistically this over-or underestimation. The differences between the absolute values of PNPNA in both periods were not significant ( Table 2) .
Although the absolute dietary energy intake decreased after the loss of RRF (Table 2) , there was no significant difference from the values obtained when patients had RRF (1867 ± 346 kcal/day vs 1665 ± 337 kcal/day, p = 0.066). However, after the loss of RRF, the energy delivered by peritoneal glucose uptake increased significantly (274 ± 101 kcal/day vs 344 ± 81 kcal/day, p = 0.043). Thus, the total energy intake was very similar in both periods (2141 ± 339 kcal/day vs 2010 ± 303 kcal/day, p = 0.13). Notwithstanding, due to the higher body weight of patients in period 2, total caloric intake, normalized for actual body weight, was significantly higher in period 1 than in period 2 ( Table 3) . The difference between the dietary caloric intake in both periods correlated negatively at the limit of statistical significance with the difference of peritoneal energy delivered by peritoneal glucose uptake in both periods (r = 0.65, p = 0.05). The difference between DPI in both periods also correlated with the difference of energy delivered by peritoneal glucose uptake (Figure 2 ). However, there was no correlation between the difference in dietary caloric intake and the changes in urinary or total Kt/V urea.
Normalized DPI correlated with total Kt/V urea in period 1 (r = 0.80, p = 0.008); however, there was no significant correlation between normalized DPI (r = 0.15) or PNPNA (r = 0.22) and total Kt/V urea in period 2. Nor was there any correlation between these two parameters and the urinary Kt/V urea in period 1, or with total CCr in both periods.
The magnitude of DPI changes between both periods correlated significantly with the magnitude of urinary Kt/V urea changes (r = 0.77, p = 0.01) (Figure 3 ). However, there was no correlation between the changes in DPI and the changes in urinary CCr (r = 0.48, p = 0.18) (Figure 4) , total Kt/V (r = 0.34), total CCr (r = 0.12), or the length of time on PD (r = 0.27). 
DISCUSSION
The maintenance of RRF for longer periods is a well-known advantage of PD over hemodialysis (16) . A significant residual diuresis permits better control of hydration and solute clearance with fewer daily peritoneal exchanges. In addition, the use of fewer hypertonic exchanges may have beneficial effects on the maintenance of peritoneal integrity, also avoiding glucose overload.
Poor appetite is a common problem in PD patients and one of the major factors that contributes to malnutrition (1-3) . Apart from comorbid conditions and inadequate dose of dialysis, glucose absorption through the peritoneal membrane and the sense of abdominal fullness have also been implicated as causes of anorexia in these patients (3) .
Despite a similar total Kt/V urea after the loss of RRF, the patients included in this study reduced their energy and protein intake. Absolute as well as normalized values for actual body weight diminished significantly after the loss of RRF. However, the difference in the PNPNA values between the two periods was less significant.
One important question that could arise from this finding is this. Which method is more accurate for estimating changes in DPI in PD patients: the protein equivalent to nitrogen appearance or the direct estimation through the diet history? Both seem to be subject to inaccuracies. In this study, PNPNA and net DPI correlated significantly in both periods. However, PNPNA tended to underestimate the net DPI in patients with the highest DPI values. In contrast, PNPNA tended to overestimate net DPI in those patients with the lowest DPI values. Thus, the regression line that fit these two parameters crossed the identity line at values near 0.8 -1.0 g/kg/day. The highest residual values from this correlation may be explained by a presumed difference in the nitrogen balance in some patients.
Anabolism is a common finding in PD patients, especially if they have a high protein and energy intake. However, patients with low DPI and energy intake usually show higher than expected PNPNA values. PNPNA values in these latter cases could be reflecting the "true" protein catabolic rate rather than the DPI. Thus, due to the potentially narrowing influence of anabolism and catabolism on the ranges of PNPNA, this indirect method for assessing protein intake can give misleading smaller differences in a comparison.
The ratio between caloric and protein intake did not significantly differ between both periods, suggesting that patients did not substantially change their food preferences. Thus, a reduction in the total amount of food intake (poor appetite), rather than a selective change in food habits, seems to be the cause of the reduced protein intake. Despite the absence of major comorbid conditions, and theoretically "adequate" urea clearances that were provided consistently, protein and energy intake seemed to be adequate only when patients had RRF. In contrast, patients barely reached the recommended protein and caloric intake when they lost RRF. However, this reduction in protein and caloric intake did not lead to malnutrition, at least in the short-term, as is reflected by the body weight increase, subjective global assessment, and serum albumin.
Experimental animals loose their appetites when they are challenged by glucose or amino acid peritoneal infusions (17) . However, peritoneal glucose uptake has not been shown to be an important determinant of anorexia among PD patients (18) . Furthermore, the substitution of glucose with amino acids does not improve the appetite of PD patients (19) . In this study, the increase in energy provided by glucose absorption through the peritoneal membrane correlated negatively with the changes in dietary energy and protein intake. This finding suggests that peritoneal glucose absorption may be an important factor in the loss of appetite in these patients.
The spectrum of uremic toxin clearance provided by RRF may be of better quality than that provided by PD. It is unknown how many anorexigen uremic toxins are eliminated by active tubular secretion or by catabolic processes in the kidney. These complex mechanisms cannot be replaced by PD. In this study, the magnitude of the decrease in DPI after the loss of RRF correlated with the magnitude of the reduction in RRF (Kt/V urea), further suggesting the key role of RRF in promoting an adequate DPI. However, the changes in PD schedules necessary to maintain the same Kt/V urea after the loss of RRF adds uncertainty about the prevailing role of RRF in the changes observed in protein and caloric intake in this study. Due to the collinearity among the increase in PD volume with the increase in peritoneal glucose uptake, and the reduction in renal Kt/V urea, it is difficult to substantiate which of these variables was the best determinant for the reduction in caloric and protein intake.
In conclusion, loss of residual renal function led to a reduction in dietary protein and energy intake despite the maintenance of similar Kt/V urea.
